Elastic mechanisms serve many functions in the locomotion of vertebrate animals. The ligamentum nuchae in the necks of ungulates gives some support to the head while allowing it to be lowered to the ground for feeding. Tendons in the distal parts of the legs of mammals save energy by stretching and recoiling in each step, enabling the animal to bounce along like a child on a pogo-stick. The same tendons aid jumping by recoiling rapidly like a catapult. An aponeurosis in the back serves as a spring in galloping, halting and reversing the swing of the legs. The elastic compliance of paw pads cushions impacts with the ground. The compliance of the tendons that move our fingers makes it easier for us to control the forces exerted by our fingers but harder to control their positions. The elastic properties of the diaphragm and abdominal wall may give resonant properties to the respiratory system, enabling running movements to drive breathing in some mammals. These and other possible functions of elastic mechanisms are reviewed.
INTRODUCTION
Elastic mechanisms can serve many functions. A spring can make a door close automatically.
Alternatively, it may be used in a pogo-stick or in a catapult.
It can serve in the suspension system of a vehicle, to reduce the jolts that would otherwise be felt in driving over a rough road. Finally, it may be combined with a mass to make a system that resonates at one particular frequency. In this paper I show how ligaments and tendons serve as springs in vertebrate animals, and how the elastic properties of their materials are suited to the functions that they perform.
A SUPPORTING SPRING
The ligamentum nuchae of ungulates runs along the dorsal edge of the neck, helping to support the weight of the head. It stretches and recoils as the animal lowers it head and raises it again ( fig. 1 ). When a sheep lowers its head to feed, its ligamentum nuchae is stretched to 1.9 times its unstressed length and supports 75% of the weight of the head ( DIMERY El al., 1985) . Even whcn the head is raised to the alert position, the ligament is 1.2 times its unstressed length, still exerting tension and so helping to support the head. Muscles consume metabolic energy faster when they are active and exerting tension (even if they are not shortening) than when they are slack (WOLEDGE et al., 1985) . The ligamentum nuchae saves metabolic energy by reducing the tension required in the neck muscles.
To give at least some support to the head in a wide range of neck positions, the ligamentum nuchae must be highly compliant (it must make large changes of length for small changes of force). It must be capable of stretching to large strains without breaking. Thus it needs properties like those of soft rubber. It consists principally of the protein elastin, which has such properties.
POGO-STICKS
Pogo-sticks are toys that enable children to bounce along like kangaroos ( fig. 2) . A spring at the bottom of the stick is compressed each time it hits the ground and recoils to throw the child back into the air. Thus kinetic energy and gravitational potential energy lost as the child lands from one leap, are stored briefly as elastic strain energy in the spring and returned for the next leap.
